breeding colonies at new locations using translocation therefore requires moving birds prior to 88 this imprinting age and then raising them at the new site (Deguchi et al. 2012 (Deguchi et al. , 2014 . 89 Laysan albatrosses already nest at several locations on Oahu; the largest colony is located 90 at Kaena Point Natural Area Reserve (Young et al. 2009 ). Black-footed albatrosses currently do 91 not nest on Oahu, and the closest breeding colony is on Lehua Islet, 225 km to the northwest 92 (VanderWerf et al. 2007 ). We attempted to establish a black-footed albatross breeding colony at 93 Kaena Point using social attraction from 2011-2015, but the visitation rate was low, no pairs 94 have attempted to nest there, and translocation was deemed necessary to create a new colony in 95 the main Hawaiian Islands . 96 Previous work has been conducted using social attraction and translocation methods for 97
Laysan and black-footed albatrosses. Podolsky (1990) climbing over, and an underground skirt that discourages animals from digging under. We made 137 several improvements to the fence design based on experience with a similar fence at Kaena 138 Point Natural Area Reserve (Young et al. 2013 ). Access to the interior of the fence is provided 139 by two vehicle gates and two pedestrian gates. No sign of feral dogs or cats was observed inside 140 the fence after it was completed in October 2016. All mongooses and rats were removed from 141 the fenced area by 31 January 2017 using a grid of bait stations spaced 40-50 meters apart. 142
Social Attraction 143 Podolsky (1990) found that Laysan albatrosses were attracted more frequently to areas where 144 both decoys and vocalizations were present than in areas with only visual stimuli, and that three-145 dimensional decoys in a sky-pointing posture exhibited by the species during courtship were the 146 most attractive. We used separate social attraction systems for each species, which consisted of 147 up to 20 decoys and a solar-powered sound system with two speakers that broadcast courtship 148 calls and other vocalizations recorded on Midway Atoll (Figure 1 ). We began using social 149 attraction for each species in the first year that translocations began, and we will continue to use 150 them after the translocations are complete to continue attracting wild adults and returning 151 translocated birds. For Laysan albatrosses, we deployed 10 decoys in 2015, all of which were in 152 a sitting posture (Figure 1 ). In 2018, we added 10 more Laysan albatross decoys in the sky- from their foster parents. When the chicks were 2-4 weeks old, we moved them to JCNWR and 196 began raising them by hand. We removed some chicks from foster nests at 2 weeks of age 197 because they were not being fed adequately by the foster parents and were not gaining weight. After their arrival at JCNWR, we placed the chicks inside a house at JCNWR for 1-2 203 weeks until their body mass had stabilized and they were better able to thermoregulate. In the 204 case of black-footed albatrosses that arrived from Midway Atoll, which is outside the State of 205
Hawaii, the time inside the house also served as a quarantine period required under an import 206 permit. During the acclimation and quarantine periods when the albatross chicks were housed 207 indoors, we placed two decoys and a smaller sound system indoors with the chicks. After the 208 acclimation period, we moved the chicks outside to the fenced release site, where each chick was 209 placed in its own wooden A-frame structure with a natural grass floor to provide shelter from the 210 sun and rain. Once outside, chicks immediately began building their own nests cups by picking 211 grass stems with their beaks and scraping with their feet. 212
We fed the chicks a diet that was as similar as possible to their natural diet and consisted 213 of blended whole fish, whole squid, canned sardines in oil, salmon oil (Life Line We fed chicks by inserting a sterile tube into the esophagus and using a large syringe, horse 218 drencher, or caulk gun to dispense the blended food at a controlled rate. When chicks were ≤ 50 219 days old, we fed them with a 60 ml or 100 ml syringe and a cropped size 18 "French" tube. 220
When they were older, we used a 600 ml syringe, caulk gun, or horse drencher, and a tube with 221 quarter-inch internal diameter and three-eighths inch external diameter. When the chicks were 222 older we also occasionally fed them whole squid and fish. We individually adjusted the feeding 223 schedule and meal size for each chick based on its age, growth rate, and behavior. In Laysan 224 albatross, the meal size was 15-20% of body mass during the period of rapid growth until age 50-225 60 days and then gradually declined to 10-15% of body mass, with greater individual adjustment 226 based on body mass just before the expected fledging age. In black-footed albatross, the meal 227 size was larger, 20-25% of body mass until age 50-60 days, and then gradually declined to 10-228 15% until fledging. We fed chicks daily until age 50-60 days, and then gradually reduced the 229 feeding frequency to 1-3 times per week until fledging. We also individually varied the 230 proportional components of the diet depending on the stage of development and hydration status 231 of each chick. Chicks undergoing rapid growth were given a higher proportion of protein; chicks 232 that were dehydrated received a higher proportion of salmon oil and Pedialyte. 233 We weighed the chicks each feeding day to monitor their growth and body condition and 234 we measured their wing chord every 4-6 days. Body mass data were used to plan the subsequent 235 feeding schedule and meal size. We also weighed and measured naturally-raised Laysan 236 albatross chicks at Kaena Point Natural Area Reserve about once a week to serve as a reference 237 against which to gauge growth of the translocated chicks each year. We banded each chick with 238 a USGS metal band and a field-readable plastic band to allow individual identification. We 239 collected a blood sample from each chick to genetically determine its gender using standard were banded at six different sites on three islands that were located 29 to 790 km from JCNWR 260 (Table 2 ). Many additional unbanded Laysan albatrosses also visited the site, but since they were 261 not banded we did not know their origin or how many there were. We chose not to band birds at 262 JCNWR to avoid scaring them away. There were no visits by adult black-footed albatrosses. The hatching rate of Laysan albatross eggs translocated to Oahu averaged 51% but differed 274 among years and was lower in 2015 (23%) than in 2016 (60%) and 2017 (76%; χ 2 = 20.69, df = 275 2, P < 0.001). In 2015, many eggs died in the incubator; only 12 of 43 eggs survived until we 276 placed them in foster nests 10-15 days before hatching. We necropsied three eggs that failed to 277 hatch in 2015, and in each case the embryo was fully developed in most respects, but the yolk 278 sac had not been absorbed. In 2016 and 2017, we placed most eggs in foster nests the same day 279 they arrived on Oahu and only one egg died in the incubator each year. The survival rate of 280 chicks in foster nests averaged 79% in all three years combined, resulting in a total of 50 chicks 281 that we moved to JCNWR. Most mortality in the foster nests at Kaena Point was caused by heat 282 stress, which also affected wild chicks at the site. 283
Most chicks of both species grew steadily in body mass and wing chord length (Figures.  284 5-8). In Laysan albatrosses, the translocated chicks grew faster and at a more consistent rate than 285 naturally-raised chicks at Kaena Point and reached a larger body size at fledging. The 286 translocated chicks fledged at an average age of 144 days in Laysan albatross and 153 days in 287 black-footed albatross (Table 3 ). The average mass at fledging was 2643 g in Laysan albatross 288 and 2702 g in black-footed albatross (Table 3) . 289
In Laysan albatrosses, 46 of 50 translocated chicks survived to fledging (92%), including 290 15 males, 11 females, and 20 of unknown sex for which the genetic sexing still needs to be 291 conducted. In 2016, one chick died after ingesting a kiawe (Prosopis pallida) thorn at the 292 translocation site, which punctured its gut and led to infection. In 2017, two chicks were 293 removed from foster nests earlier than planned, at ages 11 and 13 days, because they had failed 294 to gain weight and were dehydrated. One chick had unusually-colored (green) feces and was 295 bloated. It was given antibiotics (itraconizole and baytril), but its condition did not improve over 296 the next two days. A CT scan revealed a blockage of the digestive tract. A procedure was 297 conducted by a veterinarian to flush the digestive tract, which resulted in the removal of many 298 small pieces of plastic, some of which had sharp edges and points, but the chick died during the 299 procedure. Necropsy results indicated that the bird likely died of secondary injuries related to a 300 puncture of its digestive tract. The second chick died seven days after being removed from the 301 foster nest; necropsy results showed that it had developmental abnormalities in the lungs and 302 kidneys. Two other chicks exhibited similar symptoms that we suspected were related to plastic 303 ingestion. One chick naturally regurgitated a substantial amount of plastic, after which its 304 symptoms disappeared. The other chick underwent a CT scan followed by an endoscopy and 305 gavage procedure to remove a blockage composed of plastic and sand from the isthmus between 306 the proventriculus and ventriculus. Both birds survived to fledge. Also in 2017, one chick 307 sustained a dislocated elbow sometime early in its development and was unable to fly but was 308 otherwise healthy. It was not possible to determine whether the pathology was the result of an 309 injury or a developmental abnormality. In July 2017, the bird was transferred to the Monterey 310
Bay Aquarium in Monterey, California, where it serves as an educational bird. 311
In black-footed albatrosses, 36 of 40 translocated chicks survived to fledging (90%), 312 including 14 males and 22 females. In 2017, one chick died about a week before its expected 313 fledging date. It appeared normal during an evening check at 18:00, but the next morning at 314 06:30 it was lethargic and unable to stand and died 30 minutes later. Necropsy showed no 315 pathology and the cause of death was unknown. Three chicks died in 2018, all of which were 316 from Tern Island. All three of the chicks that died exhibited signs of chronic stress, weight loss, 317 and bloating, and two died during the voyage at sea before reaching Oahu. Necropsies revealed 318 two birds had a rupture of the gastrointestinal tract and two had developmental abnormalities in 319 the heart or digestive tract. In 2017, one black-footed albatross that fledged on a day with strong 320 winds was blown inland, where it was hit by a car and died. 321 DISCUSSION 322
Our efforts to establish albatross breeding colonies at JCNWR have been successful thus far and 323 an incipient colony of Laysan albatross appears to be forming. The social attraction program was 324 effective at encouraging Laysan albatrosses to visit JCNWR, as evidenced by the increases in 325 number and duration of visits and the amount of courtship activity. The first breeding attempt by 326
Laysan albatrosses occurred three years after the social attraction efforts began and two pairs 327 nested in the fourth year. The shift toward more visits earlier in the season indicates that more 328
Laysan albatrosses are likely to begin breeding at JCNWR in the next few years. Pre-breeding 329 albatrosses are known to visit nesting colonies progressively earlier in the season as they 330 approach breeding age (Fisher and Fisher 1969, VanderWerf and Young 2016); non-breeding 331 individuals that visit during or just after the egg-laying season in November and December are 332 likely to begin nesting within 1-2 years. 333
The amount of visitation we observed was much higher than during a previous social 334 attraction project for Laysan albatross conducted at Kaohikaipu Island off the eastern coast of 335 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
Oahu from 1993-1996. During the 1993-1994 season, albatrosses were observed on only 27 of 336 97 days (27%), and a maximum of four birds were observed at once (Podolsky and Kress 1994 Social attraction has been used to successfully establish new colonies in many seabird 361 species, but the size of the resulting colony and time until colony establishment have been 362 variable. In the Caspian tern (Hydroprogne caspia), which is highly colonial and has low 363 philopatry, a colony of 9,000 pairs was relocated in just two years using social attraction and 364 habitat modification (Roby et al. 2002) . In the short-tailed albatross, over 10 years were required 365 to establish a small satellite colony just 2 km from the source colony on the same island (Sato 366 2009). 367
The low hatching rate of translocated eggs in 2015 appeared to have two causes; the 368 incubation temperature (37.4 °C) was too high and the incubator was less effective than natural 369 incubation. The adjustments we made to incubation methods in 2016, lowering the temperature 370 to 36.4 °C and placing eggs in foster nests sooner, were effective at increasing the hatching rate 371 of eggs. Despite being only 1 °C higher, a temperature of 37.4 °C appeared to result in abnormal 372 acceleration of development. The thermal regime experienced by eggs in the incubator also may 373 have been different than during natural incubation. In the incubator, eggs were surrounded on all 374 sides by air at the prescribed temperature, but during natural incubation only one side of the egg 375 is touching the parent, while the other side is touching the ground, resulting in a temperature 376 gradient, and, presumably, a lower average temperature. Placing eggs in foster nests as soon as 377 possible increased the hatching rate in 2016 and 2017, but there were not enough foster nests 378 available initially, and eggs that had to wait for a foster nest and spent more time in the incubator 379 had a lower chance of hatching. 380
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
The translocated Laysan albatross chicks grew at a faster and more consistent rate and 381 attained a larger body size than naturally-raised chicks, yet fledged at a younger age. hand attained larger body size than naturally-reared chicks, but that survival to fledging was only 397 40% due to mortality caused by exposure to rain, bacterial infection, and injury. 398
Laysan and black-footed albatrosses exhibited some noteworthy differences in 399 development and behavior despite their close taxonomic relationship. Black-footed albatrosses 400 grew more rapidly than Laysan albatrosses in body mass up to about 50-60 days of age, after 401 which their growth slowed (Figure 7) . The wing chord of black-footed albatrosses grew slowly 402 up to about age 75 days, after which growth accelerated until about age 130 days, three weeks 403 before fledging (Figure 8 ). Laysan albatrosses grew at a more consistent rate throughout 404 development, with a less distinct increase in wing chord growth rate at about age 60 days (Figure  405 6). The nutritional requirements of the species thus differed at different stages of development. 406
Below 50 days of age, black-footed albatrosses failed to gain weight when given the same 407 proportional meal size as Laysan albatrosses of similar age (15% of body mass); we had to 408 increase the meal size to at least 20% of body mass to achieve growth in young black-footed 409 albatrosses. Conversely, black-footed albatrosses required less food than Laysan albatrosses to 410 maintain wing chord growth toward the end of development. 411
Deguchi et al. (2014) found that translocated female short-tailed albatrosses spent more 412 time drifting at sea after fledging and took more time to achieve active flight than translocated 413 males and naturally-reared chicks. This delayed flight in translocated females may have been 414 related to higher body mass at fledging, but it is possible that the increased energy reserves 415 possessed by heavier females allowed them a longer buffer period in which to learn how to 416 obtain their own food (Reid et al. 2000) . 417
One concern from the start of the project was that the albatross chicks would imprint or 418 develop positive associations with humans, particularly with Laysan albatross because we began 419 with unhatched eggs instead of chicks. Deguchi et al. (2012) reported that Laysan albatrosses 420 learned to associate humans with food and sometimes approached caregivers, but that black-421 footed and short-tailed albatrosses did not exhibit such behavior. In our project, neither Laysan 422 nor black-footed albatrosses ever saw food in its natural form (i.e., whole fish or squid) and they 423 were restrained during feeding, likely causing a negative association with humans. They never 424 sought food from caregivers, and usually resisted human contact. We believe allowing the 425
Laysan albatross eggs to hatch in foster nests of the correct parental species helped to avoid 426 M A N U S C R I P T A C C E P T E D were moved outside to the fenced area. The lesions worsened for about a month, but all of the 450 chicks recovered from the pox after 2-3 months with supportive care and application of antibiotic 451 ointment on the lesions to treat and prevent secondary bacterial infections. Pox also can be 452 spread by physical contact with an infected surface, and the presence of pox required precautions 453 to ensure that we did not spread the infections to other body areas or other birds. No albatross 454 chicks were infected with pox during the first two years of the project, but the winters of 2016-455 2017 and 2017-2018 were much wetter than the previous two winters, and the number of 456 mosquitoes present in the area appeared to be much higher based on anecdotal observations. In 457 2018, we treated all the chicks with a liquid insecticide designed specifically to kill external 458 parasites on birds (Avian Insect Liquidator, Vetafarm brand). This insecticide has been used to 459 reduce mortality caused by pox virus in shy albatross chicks (Thalassarche cauta; Alderman and 460 Hobday 2016). Although all the translocated chicks at JCNWR were infected in 2018, the 461 infections were less severe than in 2017 and the chicks recovered more rapidly, likely because 462 they were bitten by fewer mosquitoes. 463
In translocation of the short-tailed albatross, a total of 70 chicks were moved over a 5-464 year period, with 39% returning to the translocation site within eight years and the first breeding 465 attempt by one translocated bird and one wild bird occurring five years after the first cohort was 466 released (Deguchi et al. 2017). We translocated only 50 Laysan albatrosses to JCNWR, but we 467 discontinued translocation of this species after three years because we believe the large number 468 of socially attracted adults in conjunction with return of translocated chicks will be sufficient to 469 establish a breeding colony. For black-footed albatross, social attraction is unlikely to contribute 470 to colony establishment in the early stages of the project and we plan to translocate an additional 471 M A N U S C R I P T 
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